Oculomotor behavior contributes importantly to visual search. Saccadic eye movements can direct the fovea to potentially interesting parts of the visual field. Ensuing stable fixations enables the visual system to analyze those parts. The visual system may use fixation duration and saccadic amplitude as optimizers for visual search performance. Here we investigate whether the time courses of fixation duration and saccade amplitude depend on the subject's knowledge of the search stimulus, in particular target conspicuity. We analyzed 65,000 saccades and fixations in a search experiment for (possibly camouflaged) military vehicles of unknown type and size. Mean saccade amplitude decreased and mean fixation duration increased gradually as a function of the ordinal saccade and fixation number. In addition we analyzed 162,000 saccades and fixations recorded during a search experiment in which the location of the target was the only unknown. Whether target conspicuity was constant or varied appeared to have minor influence on the time courses of fixation duration and saccade amplitude. We hypothesize an intrinsic coarse-to-fine strategy for visual search that is even used when such a strategy is not optimal.
Introduction
During visual search, eye movement parameters depend on a large number of stimulus properties and idiosyncratic factors. Jacobs (1986) and Jacobs and O 0 Regan (1987) showed a relation between visual span (the area that is analyzed during one fixation) and saccade amplitude. Saccade amplitude increases when the target is more salient. How fixation duration is affected has been investigated too. Erkelens (1996, 1998) showed that fixation duration increases if target and distracters are made more similar. They showed this in sparse stimuli with elements arranged in an imaginary hexagonal grid. In a recent experiment, Vlaskamp and colleagues (Vlaskamp, Over, & Hooge, 2005) showed that, with smaller target-distracter dissimilarity, not only fixation duration increases but also saccade amplitude decreases. This last finding corresponds to the result of Jacobs (1986) . Therefore, a clear relation exists between target conspicuity and eye movement parameters: When the target is less conspicuous, saccade amplitude decreases and fixation duration increases. A conspicuous target can be detected at a larger distance from the point of fixation than an inconspicuous target. At equal eccentricities, a conspicuous target is detected faster than an inconspicuous target. We adopt the definition of ''conspicuity'' proposed by Engel (1971, page 563) : ''We consider visual conspicuity to be an object factor. More precisely, it is an object property in relation to its background'', and further on: ''We define visual conspicuity operationally as that combination of properties of a visible object in its background by which it attracts attention via the visual system, and is seen in consequence. '' Eye movement parameters and search performance do not only depend on stimulus properties; they also depend 0042-6989/$ -see front matter Ó 2007 Elsevier Ltd. All rights reserved. doi:10.1016/j.visres.2007.05.002 on idiosyncratic factors. One of these factors is, for example, age. Mean fixation duration increases with age (Harris, Hainline, Abramov, Lemerise, & Camenzuli, 1988; Jernajczyk, Sobanska, Czerwosz, & Szatkowska, 2005) . Other examples of idiosyncratic factors influencing eye movement parameters are acuity (Johnston, 1965) and the presence of disorders such as macular degeneration (Bullimore & Bailey, 1995) .
Most of the factors mentioned above have been studied extensively, especially the influence of stimulus properties. However, a factor in saccadic search that is not as thoroughly investigated is the influence of the subject's knowledge of target conspicuity. The majority of eye movement literature on visual search involves search with known target conspicuity (for reviews see Davis & Palmer, 2004; Rayner, 1998; Viviani, 1990; Wolfe, 1998) . Megaw and Richardson (1979) studied the effect of target uncertainty on search times in experiments where subjects were relatively free to choose their search strategies. When the target is one of several possible items, target conspicuity is at least partially unknown. Megaw and Richardson showed that mean search time did not increase with target uncertainty in their study, and neither did mean fixation duration. However, their analysis was not very sophisticated. Their results for mean fixation duration were based on fixations during the first full scan of the display only. Moreover, a fixation could actually consist of several fixations since they treated successive fixations on the same item as one fixation. They reported no other aspects of eye movements than mean fixation duration. Scinto, Pillalamarri, and Karsh (1986) also investigated aspects of target uncertainty during visual search. They used 'textons' (items consisting of identical spatial frequencies) arranged in a grid. The target textons were '10's among 'S's. The three conditions varied in the number of textons that formed the target. The target group consisted of 3, 6 or 9 '10's. The number of target textons in each trial was unknown. Their main questions were whether subjects use cognitive strategies, and if they did whether the experimenter could modify these strategies. They found (1) no evidence for cognitive strategies, (2) no evidence for external influence on search strategy, and (3) an increase in fixation duration and at the same time a decrease in saccade amplitude as search continued to be unsuccessful. This last finding does not ''suggest any global or overall systematic search strategy, but rather only very general regulative adjustment of ocular behavior applicable to many visual information-processing tasks''. They did seem to consider this finding to be the result of the fact that target conspicuity is at least partially unknown because the size of the target texton group was variable. We expect that knowledge of target conspicuity may be an important factor for choosing particular search strategies, and thereby also for the setting of eye movement parameters. In this chapter we therefore ask the question: How does eye movement strategy, as reflected in eye movement parameters such as fixation duration and saccade amplitude, depend on the subject's knowledge of target conspicuity?
To study the effect of knowledge about target conspicuity on human eye movement behavior we compared two search conditions: search with varying target conspicuity and search with constant target conspicuity. What is to be expected for the search strategies in these two conditions and how can we expect these strategies to be reflected in the eye movement parameters fixation duration and saccade amplitude? In the following, we assume the existence of an optimal strategy with respect to minimizing search time and maximizing accuracy. We further assume that subjects attempt to use this optimal strategy as good as they can.
Constant target conspicuity
When target conspicuity is equal in each trial, the optimal eye movement parameters are also equal in each trial. Subjects can determine the optimal settings and store them in memory. Once the conspicuity of the targets is stored in memory, the settings for saccade amplitude and fixation duration that lead to target detection can be used again in all next trials. Target conspicuity is constant in, for example, a blocked-design experiment with objects (one target among distracters) that do not change over trials. When these objects are arranged in a regular grid, object locations are identical in each trial. The only unknown parameter then is the target's location in the grid. In the first trials, appropriate settings for fixation duration and saccade amplitude can be determined, and these can be used in all following trials.
Varying target conspicuity
If target conspicuity is unknown in advance, and it is uncertain whether the target can be found easily, it makes sense to first take the chance that the target is conspicuous. If the target is conspicuous, search can be fast and may take only little effort, because the target can be found with only a few, short fixations and large saccades. If the target appears to be inconspicuous, short fixations and large saccades do not suffice and eye movement parameters should be changed so that it becomes possible to find a less conspicuous target. Finding an inconspicuous target can be accomplished by deploying smaller saccade amplitudes and fixations that last longer. Thus, more effort has to be put into the search. If we further assume that the transition from relatively effortless search to effortful search is not a step between two discrete states of search, but rather a gradual change, then the time course of search can be described as the result of a coarse-to-fine process (see below). If the visual system uses a coarse-to-fine process, then at first analysis of visual information is fast at a coarse spatial scale, and later analysis is slower at finer spatial scales. At the beginning of each search trial, fixation duration is short and saccade amplitude is large. When the target is not found, fixation duration will increase and saccade amplitude will decrease, adapting to the apparent difficulty of the stimulus at hand (see also Scinto et al., 1986 ). We will refer to this hypothesis as the coarse-to-fine hypothesis. ''Coarse'' here refers to the eye movement parameter settings that are optimal for conspicuous targets and ''fine'' refers to eye movement parameter settings that are optimal for inconspicuous targets.
Coarse-to-fine algorithms are widely used, for example in computer vision (Das & Ahuja, 1996) , 3d shape registration (Tarel & Boujemaa, 1999) , object identification (Gu & Tjahjadi, 2000) , and face detection (Fleuret & Geman, 2001; Schneiderman & Kanade, 2000) . Coarse-to-fine algorithms are very efficient, especially when iterations are involved (Atiquzzaman, 1999) . A computer model designed to generate eye movements during visual search based on the coarse-to-fine algorithm would use short fixation duration and large saccade amplitude at the start of each trial. If the target is not found, the model should infer that the target is not so salient that it can be found using only minimal resources, namely by large saccades and short fixations. It should therefore increase fixation duration and decrease saccade amplitude. Longer fixation durations and smaller saccade amplitudes yield possibilities for more detailed visual analysis. Smaller saccades lead to a smaller area being analyzed in the same computation time. Longer fixations lead to more computation time spent in the same area. In this way, the model's visual search proceeds at first at a coarse scale and later at increasingly finer scales.
Also in the visual system the coarse-to-fine mechanism is used. In stereopsis for example, it is generally accepted that the visual system works in a coarse-to-fine manner (Marr & Poggio, 1979; Poggio & Poggio, 1984) , so that the probability of false matches is minimized (Mallot, Gillner, & Arndt, 1996) . The oculomotor system is another example of a system that uses the coarse-to-fine principle. Saccades often fall short, especially when they are large (Kapoula, 1985) . Kapoula and Robinson (1986) suggest this may be a ''lazy'' strategy: if fixation near the intended location yields the information sought, no correction saccade has to be made, thereby saving energy. However, if the sought information cannot be found at this location, an additional saccade has to be made. The initial saccade, which is on a coarse scale, is then followed by a corrective saccade on a finer scale. As mentioned before, Scinto et al. (1986) found coarse-to-fine time courses of fixation duration and saccade amplitude during a visual search task.
To answer the question how subjects adapt their saccade amplitude and fixation duration to the demands of the search task we compared fixation duration and saccade amplitude from two search experiments. The first experiment was a search task for military vehicles in natural, rural scenes. We assumed it met the conditions required for varying target conspicuity. The target was a possibly camouflaged military vehicle of unknown type. It was photographed from an unknown distance and thus its size was also unknown. The subjects therefore did not know the exact projection of the target on the retina. The second experiment was published recently (Vlaskamp et al., 2005) and was assumed to meet the conditions required for constant target conspicuity. We performed new analyses on this data set.
Search experiment with varying target conspicuity
In this experiment we investigate temporal changes in fixation duration and saccade amplitude when subjects do not know target conspicuity in advance. We use a database of complex natural images, each containing one military vehicle.
Methods
Apparatus. Eye movements were recorded using an SMI Eyelink I system. A camera, attached to a headband, was placed in front of the left eye of the subject. Although viewing was binocular, only movements of the left eye were recorded. Stimuli were presented with Matlab for Mac OS 9 on a LaCie 22 0 0 monitor (1600 · 1200 pixels). Eye movement recording was controlled by means of the Eyelink Toolbox for Matlab (Cornelissen, Peters, & Palmer, 2002) . The eye movement data were analyzed off-line.
Stimulus. TNO Human Factors in Soesterberg (the Netherlands) provided the original 44 scenes (6144 · 4096 pixels, 16.7 million colors) used in this experiment. For more detailed information about the scenes see Toet, Bijl, Kooi, and Valeton (1998) . We selected 136 cutouts of the scenes. The cutouts consisted of 1600 · 1067 pixels. Each cutout contained one of nine possible military vehicles. See Fig. 1 for a stimulus example.
Procedure. Subjects sat at a distance of 50 cm from the monitor. A chinrest restricted head movements. The room was darkened. The 136 cutouts were presented in two sessions. The second session followed within fifteen minutes after completing the first session. Each session started with the calibration of the eye tracking system. Each trial started with a drift correction of the eye tracker based on a single fixation in order to maintain accurate eye movement recording throughout the session. The stimulus appeared immediately after drift correction. Search always started in the center of the search display since the fixation point for drift correction was presented in the center of the screen. Subjects searched the display until they found the target. The trial was ended if they did not find the target within 30 s. If subjects did find the target, they were instructed to maintain their eyes fixated on the target and to press the space bar to terminate the trial.
Eye movement analysis. Saccades were detected with a velocity threshold of 30°/s. Following saccade detection our Matlab program searched back and forth until the velocity was two standard deviations higher than the velocity during fixation, as in Van der Steen and Bruno (1995) . Saccades with amplitudes smaller than 0.5°were discarded. If a small saccade was removed, the fixation before and the one after this saccade were added together. Fixations shorter than 20 ms were also discarded. The last saccade before and the first saccade after such a removed fixation were combined to form one new saccade. The last fixation, indicating the target position, was excluded from analysis.
Subjects. Twenty-one civilian subjects participated in the coarse-to-fine experiment. One of the authors (IH) served as a subject. The other subjects were naïve with respect to the goals of this experiment. All subjects had normal vision. The subjects gave their informed consent. The experiment was conducted in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki.
Results
The total number of recorded trials was 2856 (21 subjects · 136 stimuli). We analyzed fixation duration and saccade amplitude in all trials combined. Means and standard errors of the means for both fixation duration and saccade amplitude were computed as a function of their ordinal number in the trial. We analyzed only ordinal numbers of fixations and saccades for which a large amount of data was available. Our (arbitrary) choice for this amount was that at least five percent of the total number of trials should contain the ordinal number of fixations and saccades. Five percent of the total 2856 trials consisted of at least 88 saccades. We therefore analyzed fixation duration and saccade amplitude up to ordinal number 88. Fig. 2 shows the time course of fixation duration and saccade amplitude up to fixation and saccade number 88. The number of data decreases with ordinal number: there is a first fixation in every trial, but only 5% of the trials have as much as 88 fixations. This decreasing amount of data with ordinal number is one of the reasons for increasing standard error of the means with ordinal number.
Fixation duration. We expected to find increasing fixation duration as a function of ordinal fixation number, corresponding to the coarse-to-fine search strategy. Mean duration of the first fixation was 215 ms. From the second fixation, with a mean duration of 173 ms, mean duration increased by 43% to 248 ms after about 30 fixations, and by 46% to 252 ms after about 80 fixations. The maximum difference between the second and later fixation durations was about 80 ms. Summarizing, fixation duration generally increased with trial duration (Fig. 2a) . Antes (1974) and Unema, Pannasch, Joos, and Velichkovsky (2005) also found this increase during picture viewing. A difference between our analysis and the analyses of Antes and Unema et al. is that we set apart the first fixation. We found a significantly longer duration for the first fixation. This result has been reported before (Hooge & Erkelens, 1996; Van Loon, Hooge, & Van den Berg, 2002) . Antes analyzed fixations in tenths of the total number of fixations, and Unema et al. analyzed fixation duration as a function of elapsed time. Thus, in those two experiments the first fixation is taken together with other fixations in the first bin. Therefore, if the first fixation duration would be longer than the next few, this effect would be cancelled out by consecutive fixations in the first bin.
Saccade amplitude. We expected to find decreasing saccade amplitudes as a function of ordinal saccade number, corresponding to the coarse-to-fine search strategy. Mean amplitude of the first saccade was 5.9°. Mean amplitude slightly increased from the second saccade (7.7°) to the ninth saccade (8.1°). From the ninth saccade, mean amplitude decreased by 26% to 6.0°after about 30 saccades and by 35% to 5.3°after about 80 saccades.
Both fixation duration and saccade amplitude showed time courses that correspond to the coarse-to-fine strategy. However, the strategy may not be the only cause for the coarse-to-fine time courses. It is possible that the size of the targets caused some of the coarse-to-fine characteristics found in the time courses of fixation duration and saccade amplitude. Large targets are likely to be found sooner than small targets. However, the correlation between target size in pixels and median search time per subject (the time at which a subject had found 50% of the targets) was À0.10. This indicates only a minor contribution of target size to the coarse-to-fine characteristics. To see whether these coarse-to-fine time courses were due to the fact that there were different target conspicuities, we split the data set in two equally large parts. One part contained the trials having less than twelve fixations (conspicuous targets); the other part contained the other trials (inconspicuous targets). In both parts, the coarse-to-fine time courses of fixation duration as well as saccade amplitude were present. This fact yielded evidence for only a minor or even absent influence of target conspicuity on the coarse-to-fine time courses. Summarizing, fixation duration and saccade amplitude showed coarse-to-fine time courses. The effects in both time courses were larger than the standard errors of the means.
Search experiment with constant target conspicuity
In this experiment we investigate temporal changes in fixation duration and saccade amplitude when subjects know target conspicuity in advance. We use a eye movement database from a recently published experiment (Vlaskamp et al., 2005) of search for a closed square among squares with a gap in one of the four edges.
Methods
Apparatus. An Apple G3 generated the stimuli, which were presented on a Sony Trinitron 19 0 0 monitor (1024 · 768 pixels). Otherwise, the apparatus was identical to the apparatus in the experiment with varying target conspicuity.
Stimulus. Each search display contained one closed square (the target) among squares with a gap in one of the four edges (the distracters). The elements consisted of lines with a width of 1/12 of their length (0.475°). The size of all elements (target and distracters) was 0.57°· 0.57°. Elements were white and the background was black. All elements were placed on an imaginary hexagonal grid of 37°· 31°. The target was randomly positioned at one of the grid locations. See Fig. 3 for a stimulus example.
The experiment consisted of twelve conditions: four element spacings combined with three gap sizes of the distracters. The four different element spacings were the result of putting different numbers of elements (36, 64, 100 and 144) in the search display while keeping the display size constant. Accordingly, the minimum distance between elements (center-to-center) in a display was 7.1°, 5.2°, 4.1°o r 3.4°. The three gap sizes measured 0.09°, 0.19°and 0.28°. All gap sizes were large enough so that the target could be clearly discerned from a distracter when fixated. Distracters in a single condition all had the same gap size.
Procedure. Conditions differed in their number of trials. The numbers of trials were determined at 100, 75, 50 and 25 for the 7.1°, 5.2°, 4.1°and 3.4°conditions, respectively. These numbers were chosen so that a more or less equal number of eye movements would be acquired for each condition. The conditions were presented in blocks. The first 10% of trials in each condition were considered practice trials. Subjects sat at a distance of 41 cm from the monitor. Further, the procedure was identical to the procedure in the experiment with varying target conspicuity.
Eye movement analysis. Eye movement analysis was identical to analysis in the experiment with varying target conspicuity, except for the value of some parameters: (1) saccades were detected with a velocity threshold of 50°/s, (2) saccades with amplitudes smaller than 0.1°were removed from the analysis, and (3) fixations shorter than 50 ms were removed from further analysis.
Subjects. Five subjects participated in all conditions. Three of the subjects are also authors (BV, EO and IH, all male). The other two subjects (one male and one female) were naïve with respect to the goals of this experiment. All subjects were between 19 and 35 years old and had normal vision. The subjects gave their informed consent. The experiment was conducted in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki. Fig. 4 shows mean fixation duration and mean saccade amplitude, computed similarly as for Fig. 2 , as a function of ordinal fixation/saccade, and for all twelve conditions. The plots also show the line of linear regression from the second to the last fixation/saccade. In all conditions but one, fixation duration increases with the ordinal fixation number. All conditions show decreasing saccade amplitude with ordinal saccade number. For a direct comparison of the relative increases/decreases in this experiment to those in the varying-conspicuity experiment, the time courses of the twelve different conditions need to be combined. Preceding this combination, we normalized fixation duration and saccade amplitude to their means per condition. We did this because it was shown in a previous study (Vlaskamp et al., 2005) that the conditions yielded different mean saccade amplitude and fixation duration. Fixation duration means ranged from 149 ms (medium gap and largest interelement distance) to 170 ms (smallest gap and inter-element distance). Saccade amplitude means ranged from 5.16°( smallest gap and inter-element distance) to 10.95°(largest gap and inter-element distance). The total amount of trials was 1250 (5 subjects · (100 + 75 + 50 + 25) stimuli). As in the experiment with varying target conspicuity, we analyzed only ordinal numbers of fixations and saccades for which at least five percent of the total number of trials contained data. Five percent of the total 1250 trials consisted of more than 131 saccades. Fig. 5 shows the time course of fixation duration and saccade amplitude up to fixation and saccade number 131 for the twelve conditions together.
Results
Fixation duration. We expected to find constant fixation duration as a function of ordinal fixation number, corresponding to the constant-parameter hypothesis. Fixation duration was not constant as had been hypothesized but instead generally increased with each next fixation during one trial. Mean normalized duration of the first fixation was 1.17. Thus, as we also found in the experiment with varying target conspicuity, the first fixation has a relatively long duration. From the second fixation, with a mean normalized duration of 0.85, mean normalized duration increased by 16% to 0.99 after about 30 fixations and by 18% to 1.0 after about 80 fixations.
Saccade amplitude. We expected to find constant saccade amplitude as a function of ordinal fixation number, corresponding to the constant-parameter hypothesis. Mean normalized amplitude of the first saccade was 1.36, and of the second saccade 1.26. From the third saccade (1.09) to the eighth saccade (1.17) mean normalized amplitude slightly increased. From the eighth saccade mean normalized amplitude decreased by 17% to 0.97 after about 30 saccades and by 23% to 0.96 after about 80 saccades. A possible explanation for the fact that the first and second saccades are relatively large is that they are repositioning saccades. Subjects might for example start the search with the element in the upper left corner of the screen. Their first saccade would then be about half the size of the diagonal of the screen.
We conclude that even when target conspicuity was known in advance, both fixation duration and saccade amplitude showed coarse-to-fine time courses. The coarse-to-fine effects in both time courses were larger than the standard errors of the means.
Discussion
In this study, two experiments were conducted to explore the influence on eye movement parameters of the fact that target conspicuity was either constant or varied. The first experiment was a search experiment for (possibly camouflaged) military vehicles in natural backgrounds. The type, size and orientation of the targets and the rural background were unknown to the subjects in advance. In the second experiment the exact appearance of the target was known, as were its surroundings (a fixed grid of distracters). In both experiments we examined the time courses of fixation duration and saccade amplitude. It was expected that the first experiment (with varying target conspicuity) would show coarse-to-fine time courses for both parameters. In the second experiment (with constant target conspicuity) constant fixation duration and saccade amplitude were expected.
In the experiment with varying target conspicuity, we found a coarse-to-fine strategy as predicted by Scinto et al. (1986) . They proposed that the increase of fixation duration and decrease of saccade amplitude with viewing time should be considered as a strategic adaptation to the demands of the task. Our study showed that this is clearly not the case. If Scinto's proposal had been correct, we would have found constant fixation duration and constant saccade amplitude in the experiment with constant target conspicuity; there was no need to adapt in this experiment since target conspicuity was exactly known in advance of each trial. What we found in this experiment with constant target conspicuity however, was also a coarse-to-fine strategy, although to a lesser extent, especially for fixation duration: After about 80 saccades/fixations, fixation duration was increased with 46% and saccade amplitude decreased with 35% in the varying-conspicuity experiment, compared to an increase of fixation duration by 18% and a decrease of saccade amplitude by 23% in the constant-conspicuity experiment (see also Figs. 2 and 5). Thus, even in search conditions that were fully known a priori, the coarse-tofine strategy in eye movement behavior was nevertheless present. The reason that not many other studies reported coarse-to-fine time courses of saccade amplitude and fixation duration is that most of those studies usually involve fairly short trials (<10 saccades), which makes it impossible to identify effects that appear only after many saccades. An example of such a study is the study by Najemnik and Geisler (2005) . They investigated eye movement strategies in even more extreme conditions than our constant conspicuity experiment: Their model of an ideal observer ''uses precise knowledge about the statistics of the scenes . . . and about its own visual system'' (page 387), which is much more than mere a priori knowledge about just the conspicuity of the target. Under these conditions one has even more reason to expect flat time courses for fixation duration and saccade amplitude. They found that human observers performed nearly as well as the ideal observer. Unfortunately, they only analyzed the number of fixations needed to find the target, and the total distribution of saccade amplitudes. They did not analyze time courses, probably because the trials were all pretty short (the number of fixations per trial rarely exceeded 15). Neither did they analyze fixation duration. It would certainly be interesting to analyze the time courses of saccade amplitude and fixation duration (if it can be added to their model) and see whether these are coarse-to-fine, too. The conditions must need to be such then that far more than 15 saccades are needed to find the target.
Coarse-to-fine time courses of fixation duration and saccade amplitude are not only found in visual search. A number of studies have shown that fixation durations increase and saccade amplitudes decrease during free picture viewing. A classical example has been described by Buswell (1935) . Antes (1974) also investigated the time courses of fixation duration and saccade amplitude. Although his analysis was slightly different, his results are comparable to our results. He also found increasing fixation duration and decreasing saccade amplitude with viewing time. He suggested that the amount of ''informativeness'' of fixated parts of the stimulus may influence fixation duration: less informative parts are fixated late in the time course, and may require longer visual processing time. Our experiment with constant target conspicuity yielded results that contradict this suggestion, since all parts in our stimuli are equally informative. Unema et al. (2005) also found coarse-to-fine time courses of fixation duration and saccade amplitude during picture viewing, but offered no explanation for the nature of these time courses.
One possible reason for deploying coarse-to-fine eye movement behavior, even when this type of behavior is suboptimal, is that in daily life the conspicuity of objects that have to be found is usually not exactly known. The reason for this is that the visual environment is much more complex than the stimuli of a laboratory experiment. On average, it will then be profitable to use a coarse-to-fine eye movement strategy since in the majority of cases that strategy will yield the best results. An object with high conspicuity can be found quickly and with minimal effort, and if the object has low conspicuity only little time is lost with searching for a possibly easy to find target. In the experiment with constant target conspicuity, subjects knew in advance of each trial the exact conspicuity of the target. This means that the conditions allowed the use of optimal settings for their fixation duration and saccade amplitude. However, they did not do that. Araujo, Kowler, and Pavel (2001) also found that (five out of six) subjects used suboptimal strategies for making eye movements in visual search. Subjects were cued to the location that contained the target with high probability (80%), but the cue was often ignored. Araujo et al. (2001) proposed four reasons for this suboptimal behavior: (1) decision strategies that failed to recognize the significance of probability cues, (2) built-in preferences to minimize effortful saccadic planning, (3) attraction of attention and saccades to nearby locations, and (4) initiation of saccades while attention remained divided. All four reasons act to facilitate an initial rapid scanning of a series of locations, which is how coarse-tofine strategies start.
Another reason for deploying coarse-to-fine eye movement behavior is that there may be a coarse-to-fine basis within the visual system. There is physiological evidence for the connection between fast-to-slow signals and coarse-to-fine structures in the visual system. Weng, Yeh, Stoelzel, and Alonso (2005) showed that large receptive fields have shorter response latencies than small receptive fields. The first signals that arrive in the visual cortex are therefore ''coarse'' signals.
Our evidence for omnipresent coarse-to-fine time courses of fixation duration and saccade amplitude may have consequences for the interpretation of adaptation and learning studies. The effects measured in these studies should probably be corrected for the ''adaptation'' or ''learning'' that we found to be inherently present. The term ''learning'' implies an active improvement of behavior. However, part of such an improvement could also be due to a built-in coarse-to-fine mechanism. The coarse-to-fine eye movement behavior further shows that it may be incorrect to report only means of fixation duration and saccade amplitude in eye movement studies. We showed that means also depend on the length of scan paths, because mean fixation duration increased and mean saccade amplitude decreased with viewing time. Concluding, considering (1) the fact that we did not find constant fixation duration or constant saccade amplitude when target conspicuity does not change between trials, (2) the presence of coarse-to-fine eye movement strategy in plain viewing, and (3) some physiological evidence, we suggest that the visual system makes use of an intrinsic coarse-to-fine mechanism.
